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THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant: Ekapot Bhunachet, M.D.,PhD 

Serial No.: 10/603,494 

Filed: June 24, 2003 

Title: "FORM-CORRECTING SHOES" 

Reply to the action filed October 14, 2005 



Anthony Stashick 
Primary Examiner 
Art Unit 3728 



Dear Mr. Stashick: 

I would like to submit for your consideration the following reply to your 
comments regarding the Form- Correcting Shoes patent application. 

Ambiguities in Language Addressed 

These new claims, together with this letter, have been checked by a native 
English speaker, in order to correct the points which the examiner indicated 
as being unclear. For example, the phrase "(including boots, sneakers, 
slippers and sandals)" has been omitted since all shoe types are intended to 
be encompassed by this patent. 

Patentability Recognized at the International Level 

The applicant agrees with the examiner that claims 5-8 fail to specifically 
point out and uniquely claim the aspects of the design which the applicant 
regards as a unique invention. This was also pointed out by the examiner 
at the international phase (WO 2004/107898). The applicant then 
amended the claims, with the result that the examiner recognized the 
uniqueness of this invention and accepted its patentability (see Reference 1, 
preliminary examination report). The new claims, 9-11, correspond to 
those which were amended in the international phase, and subsequently 
admitted as patentable. 

The addition of the "recession of the height of the toe portion of the shoe 
below the height of the ball of the foot" (originally worded "one step lower") 
was accepted in the amendment at the international phase, since this 
structure is clearly demonstrated in Fig. 5 in the specification of my 
invention (Fig. 1 of WO 2004/107898). The addition of the phrase "the body 



2 



weight borne by the toes is eliminated and the center of gravity remains 
balanced evenly between the heel and the ball of the foot, whether in a 
standing, walking or running position" should also be acceptable since this 
has been already mentioned in the specification. 

Comparison of the applicants invention with other known patents (see the 
references cited in the international pre-examination), yield a number of 
points of apparent similarity. However, the examiner at the international 
phase agreed to grant my invention, a patent, because there were significant 
differences in the function and purpose of the shoe design, and these 
differences were uniquely reflected structurally. 



Functional and Structural Uniqueness 

Functionally it is clear that prior to the applicant's invention, there existed 
no shoes designed to ehminate the body weight borne by the toes and center 
the body weight evenly between the heel and the ball of the foot whether in 
a standing, walking or running position. The patents which contain points 
of similarity with the applicant's design will be considered in turn and will 
be shown to possess significant differences in structure and purpose 
compared to the applicant's design. 



Patents Which Contain a Difference in Elevation Between the Height of the 
Toe and Ball of the Foot (JP 11-123102 A .2001-70004 A) 

Shoes in JP 11-123102 A (Reference 2) and 2001-70004 A (Reference 3) were 
designed to more effectively use the toes in walking and running. They are, 
therefore, fundamentally different from the form-correcting shoes of this 
invention, which are designed so that the weight of the body is not borne by 
the toes when walking or running. 

In JP 11-123102 A, as shown in Figs. 5 and 6, the sole of the shoe under the 
toe and the ball of the great toe are lower than the other parts. The purpose 
of the hole in the sole of the shoe under the ball of the foot is to protect the 
foot from sliding on the upper surface of the shoe's sole, not to prevent the 
toes from bearing the weight of the body as in the applicant's design. 
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JP 11 123102 A 



Fig. 5 



Fig. 6 
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In the applicant's form-correcting shoe design, the ball of the foot is elevated 
to the height of the heel. This is a significant departure from the design in 
JP 11-123102 A which creates a recess for the ball of the foot, thus dropping 
the ball of the foot down below the height of the heel. As such, the 
structure of the applicant's design rims counter to the aim of the inventors 
of JP 11-123102 A. Therefore, it is difficult to imagine that they would go 
on to develop shoes that resembled the structure of the applicant's. 

The design of shoes in patent JP 2001-70004 A (Reference 3) have a raised 
structure, between the ball of the foot and the toes, which appears to share 
elements with the applicant's design. However, as can be seen in Fig, la, 
the referenced patent bears such a raised structure in order to let the toe 
more effectively push off from the ground. As such, the bottom of the toe is 
not raised to avoid load bearing, but rather makes contact with the ground 
and bears the body's weight when the foot pushes off. With such a 
structure, the body's weight will not be borne by the toes when in a standing 
position, but will certainly be borne by them when walking or running (Fig. 
2b). The inventors of JP 2001-70004 A go on to show in Fig. 10 the foot 
motion intended by their design. As Cunningham's textbook of anatomy 
(12 th edition, pages 403-4; Reference 4) also shows, it is commonly believed 
that the toes, especially the big toe, play an important role in walking and 
running. But this again is distinct from the applicant's invention, which 
seeks to eliminate the load borne by the toes, and transfer that load to the 
ball of the foot through the use of a raised structure - this is not 
accomplished by JP 2001-70004 A. 
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JP 2001- 70004 A 



Fig- 2. Fig. 10. 
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The purpose of having the bottom surface of the toe curved up in the 
applicant's design is to prevent the body weight from being borne by the toes 
which is not the purpose of JP 2001-70004 A. It is, therefore, difficult to 
imagine that the inventors of JP 2001-70004 A would go on create shoes that 
have the same structure as the applicant's. 
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Patents Which Contain a Recession of the Height of the Toe Portion of the 
Sole (JP 2000-245502 A) 

The soles of the shoes in JP 2000-245502 A (Reference 5) are curved at the 
toe area (Fig. l) so that one can flex the toe while driving long distances and 
thus alleviate any pain or tension in the toes. According to Fig. 1 in JP 
2000-245502 A, the bottom surface of the toe is intended to bend with the 
curve of the sole. But why they are seeking to have the toes bend in this 
way is not explained. It is described that with this structure, when 
walking or running, the toe joints are bent less severely (Fig. 9b) than shoes 
without the recess (Fig. 9a); and, this is good for walking, running or 
playing sports like baseball and golf since the big toes will firmly support 
the body weight. Again, JP 2000-245502 A is based on the widely held 
theory that toes, especially the big toe, should play a prominent role in 
walking, running and sports. They have designed the shoe to decrease the 
severity of the angle at which the toes are bent, in order to allow the body 
weight to more easily transfer to the toes. Again this is the opposite of the 
purpose of the applicant's design. 




In the applicant's design, in order to avoid the toes making contact with the 
ground and thus bearing the weight of the body, it is necessary to have the 
recess cover the entire length of the toes not just the tips. Also, the 
applicant's design is intended to eliminate the load borne by the toes when 
walking, running or playing sports. It is, therefore, difficult to imagine 
that the inventors of JP 2000-245502 A would go on to create shoes that 
have the same structure as the applicant's. 
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Patents Which Eleva te the Ball of the Foot to the Same Height as the Heel 
(JP 2000-41703 A) 

In both the applicant's design and the patent of JP 2000-41703 A (Reference 
6) the ball of the foot is raised to the height of the heel (Fig. 2). However, in 
patent JP 2000-41703 A, both the upper and lower surfaces of the toe of the 
shoe are curved up at the same angle, 1-5 degrees (Fig. 5), and it is 
described that this 1.-5 degree angle is important for good golf swings. But 
this structure cannot prevent the toes from bearing the weight of the body 
when pushing off. Merely passively lifting the toes will not ensure that 
they do not bear any load. 

JP 2000-41703 A 



In the applicant's design, in order to prevent the body weight being borne by 
the toes while standing, walking or running, the entire toe portion of the 
shoe is recessed below the height of the ball of the foot to ensure the 
suspension of the toes during motion. In addition to this, the curvature of 
the bottom surface of the shoe is not at the 1-5 degree angle specified by JP 
2000-41703 A, but rather at an angle more than 7 degrees to ensure that the 
toes avoid contact with the ground. It is, therefore, difficult to imagine that 
the inventors of JP 2000-41703 A would go on to create shoes with the same 
structure as the applicant's. 



Patents Which Eliminate the Toe Portion of the Sole (JP 5-277001 A. 
WO 87/06801) 

At first glance, the structure of the shoes in JP 5-277001 A (Reference 7) 
would appear to ehminate the body weight borne by the toes (Fig. 1). But, 
since the toe portion of the shoe is set on the same plane as the rest of the 
sole surface, the body weight will inevitably be borne by the toes when 
pushing off. 



Fig. 2. 
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JP 5-277001 A 

Fig. 1. 



2 cm 




In the applicant's design, when the sole of the shoe is eliminated in the toe 
area (Fig 6), it is necessary to recess the toe portion of the shoe below the 
height of the ball of the foot, to ensure the suspension of the toes during 
motion. In JP 5-277001 A, it is described that the purpose of the invention 
is to keep the toe from lifting up, which usually occurs while walking with 
shoes where the toe and ball of the foot are raised above the height of the 
heel. It also states that this construction is designed to facilitate the 
thrusting movement of the toes. It is, therefore, difficult to imagine that 
the inventors of JP 5-277001 A would go on to create shoes that have the 
same structure as the applicant's. 



Concerning the sandal of WO 87/06801, its purpose is described in page 3, 
lines 7-12 of WO '801, which can be translated as follows. "It is the purpose 
of the design of these sandals to create the sensation and simulate the 
weight distribution of someone walking or running in bare feet". To fulfill 
this purpose, the sole of the sandal has to be flat and flexible. This is 
clearly addressed in the English translation of the abstract, and is 
demonstrated in Fig. 1 and 3. 
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WO 87/06801 



(57) Abstract 

Sandal consisting of a 
sole, a heel cap with an ankle 
strap surrounding the ankle 
and a strap or similar sur- 
rounding the fore-foot where- 
by the flat, flexible sole has a 
shortened length ending at the 
front between the region of 
the ball of the foot and that of 
the tips of the toes, and con- 
sists longitudinally of two sec- 
tions which at a point located 
between the ball of the foot 
region and heel region are 
connected to one another by 
an extensionally elastic con- 
nection. 




That the cut lines (13) scored in the sole of the sandal under the ball of the 
foot ball are for increasing the flexibility of the front portion of the sole of 
the sandal is stated explicitly in lines 4- 18, page 6 of WO' 801. 

In order to confirm the above details, the applicant sought the help of a 
Japanese government worker, who had studied German and done 
post-graduate studies in Germany. The entire specification of WO' 801 was 
translated into Japanese and checked for potential overlap with the 
applicant's design. If read in the original German or translated into 
English, the applicant is confident that the^ examiner will arrive at the 
above conclusions. 

Since the height of sole of the sandals in WO' 801 is very low, the difference 
in height between the toe portion and the rest of the sandal is not adequate 
to prevent the toes from load bearing. Although they can prevent the body 
weight from being borne by the toes while standing, the sandals cannot 
eliminate the load borne by the toes while walking or running. 

It needs to be noted that the purpose of these sandals is not to prevent the 
toes from bearing the body's weight. In the specification of WO' 801, there 
is nothing to imply that the body weight should be prevented from being 
borne by the toes. 
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That the toes play an integral part in the mechanism of normal walking and 
running is described in Cunningham's textbook of anatomy (12 th edition, 
pages 403-4; Reference 4). This is directly articulated in the sentence "The 
inner toes exert the greatest pressure and the importance of the big toe in 
walking may be estimated from the fact that flexor hallucis longus exerts 
three times more force upon it than is sustained by any other toe." 

The examiner pointed out that "Since WO' 801 teaches it's use as that of a 
person in bare feet, it would meet this limitation of the claims as it can act 
as one intentionally lifts his toe when he walks." The applicant now 
realizes the ambiguity contained in the language of the former claims that 
caused this misunderstanding. Those claims didn't adequately establish 
this uniqueness. The new claims have been amended so that it should be 
clear that the construction of the shoes themselves will eliminate the load 
borne by the toes without any need for the wearer to consciously raise his or 
her toes. 



Patents Which Contain an Upward Curvature of the Front of the Shoe 
(Allen '994) 

From the explanations put forward thus far, one can see that the shoes of 
Allen '994 (Figs. 2, 4, 7, 10 and 12) do not possess a structure which will 
eliminate the load borne by the toes. The purpose of Allen '994 is 
addressed in the first sentence of the abstract, "An orthopedic apparatus 
and footwear for distributing weight evenly so as to relieve pressure and 
discomfort from the ball, arch and heel region of the wearer's foot." The 
applicant's design forces the body weight to be borne exclusively by the heel 
and the ball of the foot, which runs counter to Allen's purpose. It is, 
therefore, difficult to imagine that Allen would go on to create shoes that 
have the same structure as the applicant's. 



Conclusion 

In looking at references 1-7, it is clear that the toes, especially the big toes, 
are commonly considered important in walking, running or playing sports. 
Their inventions are based upon this assumption. The paradox and crucial 
distinctive of the applicant's invention is that the toes should not be used in 
walking, running or playing sports. Although, shoes described in 
references 1-7 and WO' 801 and Allen 5,940,994, seem to have similar 
structures as the applicant's form-correcting shoes, it is difficult to imagine 
that the inventors of these shoes would go on to develop designs similar to 
applicant's either on the basis of their existing designs or even when 
combined with others. This is because the starting point of the these 
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designers - that the toes should be play a strategic role in walking and 
running - is diametrically opposed to the applicant's aim that the toes not 
be used in walking or running. 

Using the form-correcting insoles or padded inserts to change the shoe 
structure is already mentioned in WO 94/08478 and references 2 (Fig. 3) 
and 5 (Fig. 8). However, if claim 11 (new) was not admitted while claims 9 
and 10 (new) were, there would be no way to fully protect the applicant's 
rights based on claims 9 and 10 (new) alone. In the international 
preliminary examination, claim 11 (new) is also admitted. 

Reference 2 (Fig. 3) Reference 5 (Fig. 8) 
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[ooi i i±^Ltz-o^-jum^m^<Dmmt<simv&^o mtu*. tpm3ti,xitm?s&t><x.mLtc ; b<D$m^ 

fc*<. TJg£t*:fcSS¥*§S:*,a>£ffl^Tte^o C<Dli^l^|^^^gi^«SB12li^KJ^g^^^^£t^ 0 X s *S3lcgBP3l 
£i6iffca<. 4>®t2ic^sS-r-5®RlffclBn^r-j-T^at^ xi*liflP3i ^+Jg3icfftit-5^*5yicB8n^4'S[2ic 
(O^SftltTDflgBi 1 £H2JS!U.Tfc&l^ffl*uDi§^t,, MSm 1 (7>®^-\i>lS®7f)<^:r=t>*^d:tt^}t<J:-5^BlP<7)^ 

[0012] 

[^Bji<D&£]^<Dflai-;fcitailir&££:£ft<Dr*^ 

,\>-7_hH7-V>. £}f±SIJ<D$=U V^A<R&ih*tL^) 0 Z<D%im\Z. 5*<Dl$t)<£&lZ®1fiX'Z<bM£Zt>lzm 



[M2lSA < ±e$^/='fyy-;ns®^SE 
[S3]^>y-;K0|§tt|jiB^@ 
[JB4Hyy— ;uii®0 
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[Jg|5H>V— ;1>±®BI 
[M6lM5O)VI-VIICjttof-Wf®0 

i -fy;- ;u 

3 tpm 

4 *Jg 

5 7>V/<- 

11 CDS 

1 2 mxteu 

31 Ban 



[Mil 




[S3] 
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Reference 3 



(19)tH{TS]B*S^ff(JP) 

(i2)[^«agij]^ia^^«(A) 

(11)[4*EBS^]1$Bg2001 -70004(P2001 -70004A) 
(43)[^gBB]¥/£l 3^3^21 B (2001. 3. 21) 

(54)[*wo)*iMat js 

A43B 13/14 
5/00 
13/18 
13/26 

[n] 

A43B 13/14 B 
5/00 
13/18 

13/26 A 

rnxmnm 14 

[ffiSI»®]OL 
[±H»]11 

(21) [aJSlS-^]1tgi2000-204782(P2000-204782) 

(22) [tiBKB]SFJ!El 2^7^60 (2000. 7. 6) 

(31) [g$fc4f±3I#^]1WFl 1-193226 

(32) [ff5feB]^11^7^7B(1999. 7. 7) 

(33) [«5fe<t£5§S] B*(JP) 

(71) [tUSlA] 

[SeSIJ#-§-]00000031 O 

i&mx.itmm'ifimm#wtii<p!kzm&'pm7Tg i si 

(72) [fgW#] 

[ttBfXf*gm]#pm* AE^l,*fflT7T B 1 #1 **3££ttT->;/*XI*i 
(72)[|gB^#] 

[ft*ism alt 

[ttmxligm]»Pm* AE^g,* BT7T g 1 Si J*3S£tty*>v*XI*J 
(74)[ftSA] 

[SSSJ##] 1 001 02060 



(57)[g&3 

imik^m sitF(7)#it«f+ifi<DS^Fi icAy^-es^tti^ifiiic^^-r^^spio^igfiiSKDJitsflij 

f-£ftF<Z)it&M*-Fi fcj&oTflSfiSU ahSPHaJJ3fCil3(t-5SJtF(D®fflfr#t^ttriB«^aJi OSfctt-eoifi^lc 
fcl^TltlrScOTJSi *<@aDL^^«l:3lc-r-g)Sffi»»jSl5i 2£lftfB&£SIM OCD&ffiiJlciftl-K J£J8F*<«j<D»#J:y 

t>T£i=%*&£a>&if 8-rftjgftSAffi 3$, m&mmmi a>±si=*jit^miB^ssi otfjutr^f^js-r •&„ 



MIH^«^A<Sfl6L^t^J:3lc-r§JSffllS«jSil^1lFlB^e»<DSffl«(ria:ltfc|(l:jSo 
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<o&ftMt>Tisizftfr&t;0Zft®?z&m&Am<&vt>ti. KH&mmmvTmmizi*. mtrtHfn&'S&o) 
[K#Ji3] &i&mt$&it±mzmTz>mi!t&mt. m^&m^m<D±mizwnf^^tmzmmmzmmm<Ds.^o> 
i+$>ti.tti&mmm<D±wmiztiifz>m&m-£&<om-%izit^ s.m^s.<Dmo^^)=bTyjiz^i^ii(o^m 

[R*«4] m*mi. 2. 3iz^xmti&m^\m^m^m®miznn^mum^(D^<o^^)^-\r^ 
[is*«5] fg#isi , 2. 3icfcL\ritrsa^^S6ii. &m<»ttrtmtt>5.<DmMz*ifc-rz>±-%iz&ttiLtcm&<j>& 

[K*«6] ffi-#m5izte^xm%&&0kmt. s©i*m<D+A#j£i=*3LNr. st^^icifijordt^^ajftgi 

[|»5jU£7] !i#JS6lcfc(^-CHlaE3!&SIH*> ffirfB*^lc^ofc^l«I^Wr-S<S:ftlc s IfofcSiigtciao-CSODrtn© 

**wia-e©t,A<. &<Dtom&&vnmizft<izvt[,\&*iz&<tem£*iTi^mm 0 

mxmi m*mi. 2. 3f=fcLxT«&iBMj£(DT®flyf=i*$aw®BSv^tt^LNLu^tt<D^*:3i)&<striB^si5 

[IS3}i«io] ii#JS3C:fci^-a!frf5^S&i*s &ft(»tttfmt&(DmMz*tfei-z>±ijiz&tiii,tzm&<D&m& 

[is^i 1] is#«ioicfci%Timi$M^ 
mtmz&&&&o>mn&vt,%?mjj<r>ikfflz&m£*ix^z>mm 0 

[S8#Ji13] §S#Jg1. 2, 3(Cfc^NTWlB^JSJ*>fII2li®lS<DTffilC|lIgB®tt4««J^<©11I^^^^t)fco 

tej&z*ixi^mmo 

ta««i4] ffiJzmioiz&^xm&m&jjftizKmztitzmi&Bo?*,. mummmm^^ttiyjaym^m 
iz>&<nmf%tm2M:£<DfflizMfo-fz>U'ftizf$i.\xttizmfflLX[,^mm B 



[0001 ] 

imwo>mmmw<DK&:*&wit$t.mizM-r&*,(Dx&z>o 

[0002] B 10 (a). MlO(b) fc<*:i;MlQ(c)tt. :£*T-*MTa*0>£fg<O«|#£. «!®£WaUfc#fireii*-r«iJffi0 
-efe-So *S-e3a^fi<^ff-*tT-rSfc«>fcii, !HO<a) fc^-TJof::, S-rSCT-^ii&U ^ic, |fr^Ai^(D«:S 
«Sl^r,Ml0(b)lc*-r«J:5'tcmife»!a)S^iapg^ffl^<So CtDHraic. £li*!}®50£Lo^y£1I*K *0>E 

fltre*-r*3f::, s^F^M^fcsi^Mr (^->^~/<-)©#^ff5^tic e ky . ja^a>fiL^itii*35<±**i,^ 0 

C0003]@VL(a)li'»*0<D®1«3/£$*-r^SCM'S:BiSS-ea&'l>o C<7>0lcfcL>r. S1«3JS100IC|*. £*|FA<«£ 
•5Gflf3f10-|£g&ffTifc3„ C(©«t*(D«iitT-i4. SlCfcyH^lgl OO^tZttt-e^Tt. ja*&USl00A<J£&W® 

Wzsb.mmmiooiz&mm£mt;ztizx2f3;^ 0 

i&amfrFcizM&tia&i 02*<iait^TL>^ o ^a>t£3fc<D#iiref*. SjWS&jsi ooicttLflfn&icxy-iCf-r 
®5j2^ifa)giJ»i=^)b^A^y^L^isnc&i) 0 

[0005]Ml2(a)l41tl§^1 1-123102^IZg|*^fc«tJi(D^®SI,Ml2(b){iMl2(a)<7) XOb- XIIb«g®r 
JBl2(b)l=£lvC, *j£l 03±ICfi43jgi 04*>J:tf *»1 05/><»@$;h.TU-5 o *|£1 04|rtt, #&t 
^iC^fS-r-S^SIC, 3tL^affi7Ll06(®l2(a)#^)*<|ftlt^Tt^t^lC,^3fegi^107A<iffl^$*i.Ttx 

[0006] 
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[0007] 

[0008]*#SB.JlCBte<Z>Sgt§-ei*. ^*feB#IC^ffl#<DS^<D«S$5ft]f>lf -5li®lS*flt^fc«tJSlC, fltM* SJt 

iooo9i*mjxomzmo>mmvi3:. nmiz^ sag xn&xvm&m mm<wnfz>tixi^ 0 mmit, 
&izMm2Hm&mwzM&hX'S.mtf&<omik?5Giizm<&irz >0 ffiissmsASUf*, mu®m&<D±mmiz 

tooi o]^fiwi-tjuTrsm<DSffl Jtlis E.tfMSkZfW&.m.X'Ufmir&z.txlZtX. &mt<UWMWlztsi\x 

[0011] 

imwotomte&fmz&tut^ m.mo>m&mzm-£^ ®mmttont$&V8.m&K&o>3^><DmmzwLiitzo) 
x\ 8.m<#iMzti-rs.m$ m&iz&it. m.mm-Lxs.mxMkm^L^ij^jtm^zt^x^tmz^ m/vtzttm 
£7j3ac mm<&is^mz>ztwxzz>o ^)UL<^-r^t. mum^^is&^x&^ntzztiz 

*n^.s 1(IlclEBl^«ia£I&(tfcCi:lcj:y , Sm*<®ffl-r-5.ISgHc. HffiJUcfflif JS73(D£fe*j!><±C, *<Dtztb. Hi®. 

3$c ^o. mm<^7j^8tyaj-rctA<-e$i)ti>5«!iSA<^L<i§^-r-s> 0 

[ooi 2]*sgBj3i;:;fc^Tf*, i5ffifil^gB^i5^icisi-3Tiibt«:*^tta)ffi«gfc;fto/-=. o*y % msr^j^ttw^ 

[0013]*Tc, *56BJ|cfetNTI*. 5g*SB(7)Ml^o-C. 0.1mm -1.0mm mf&0>m^5Lf£&tt&WLli& o £#SS& 

, mmzx&<&*izw^tz&mzmm<™<DW;miz?\2mTrztt)<x£z>fr*. o^y, ^;b«>s$- 
[ooi 4]«:fc\ «%jss^<tts<DM^^2ia:<ta)Ki^^§^icfcL^«fc5}-iij-r^i*. s.<Dmm& 

[0015] 

inmmo&mmmMmirF * *&wo)m^mm*mi(a)~m±(e)*ft^xmn-?z> 0 ®.mm-i i*±®i8fc 

1 IfH <D±B1 8ffiiJlCli. SISF(D#ltffi#i£<D>m^FclC^-rS«lfiO)^gUl 0 W 

f&ZHxi^&o mmm ©th 9fi«ici*. msesi^sei ot-tziz*<Di&®izt$i\x* mifoxo *5ftttttn»j3i:: 
Miz&mFomea (jsjs)ir^«(is5is®jsi (Df&mzmvzmmmm&i 2£itrts3s&8M o<Dmmiz&nx$> 

So HiFlc^feSBl 0<Z)fltr75A1 icli , £ltF$«1±-S>mRjr(SmSASB) 1 3£|f ffiJSl l=fl$filtLTL^ 0 

[ooi 6]*mi , s.mF^mith\mm-i 3^w^L.xi^<nx. s.mFt:mmxws^Lm<tj:^tmz^ 

\ttz(DX'. B.i}Wf*iXmiSiZX>)y7-rZ><D&N5±XZ. oa<£}|F<7>i!ifm<Z>3£*,fcfc-SJb^ SJgFTJii 

mmi $Lz>frvtmt;z\tib<x>z&o ^&sbi o[illlP,A^L^lssJS1 izmi&ztixi^ox. E.iz&$±i-fmtf 

±C&t$*tit)<ti:^ a L^t, Sffi«l8l!lS»i2^l9:ltTL^Ci(z < i:y, 3?&3$1 0lc*3^rSfeF*<. Mi(b)<0«t5(= 
§^lcS®rS(ffl*<S)*^,$ltS^^LrSmF^16®^Lo^ytgt;ct*<T^t«lc,^7£ife®^7j^ 

[001 7]«(Fffi«tfigirfclNT, Krl2^*SBl0l*, S*gF<D^IE^^FcICj9oT^fiK3F*t. S*gF(DltrIB^Fc(CAy 

fci^ 0 fct^r*, ^(axo^^ic. itr8B^*s»io<Dfi^Ai t>j:i;^7jA2^infijsi &vt>m#>xmt>fri*ttmo 
mmxtf^vxm&x. ^*sm oic«EB-r-s<4{gfc^^aji oA^isitTt.fcL^o zom-s. m^gui oA<o«fr^ic 

I*. S*8FA<ftfeO)SiJ»«J:y tT^lCj^^ro^S-rSSffiSAgSl 3AA<^»JSl (D±Slc»j*$*tfcztlC)S: 
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[001 9]*f6BjlCj3lvCli, M2(b)|c^-T BfrtBSS&Sfll 0<Z)SSI^oTli®JSl (D^tfcSBflvfcy fc&pc* 

C0020]M2MMMJaT. *!6?§<Dm2ll«5«!I$M3-M6(b)lCLfc?!><oTSiBJ-rs o M4(b)lC*-rj:aiC. 
V— JKD<fc3fc|g«JSl OTH 9KI*. T^^-V-^cO^d^Jf ifiJS2«)±®28A<@^^tv-C$ltJSA<«fie**tr 
i^>ofl!lI2ig®J£i I*. ^ttiBtr::^ffl#<D£<^0>M£8]i=>lf , «rl31$«JJS2li»®^-\'^-r-5m«iiS2 
9^^-r-5 0 -HSIC. Sg«&1 (D-tSl ISTFL&OEbJS^rt'LT. M3<©*»3A<Sl±t>*ti»o 

[0021 ]M3fCj3L\T, iSffiHl G)±ffi«iJICli«|fia)^*SBl 0A<JKlia$ttTL>* o C(D^&3$1 01*. H6R>6(a) 

L^o M3<Dcfc5l-. 35*351 OttS<Drtn<D*^#jfi-^tM^lciSiioTdit'E»:«>BSr^j?:tt<DiBl^i 0 

a^fifcLTl^o Z.<D&tk&l Of*. @6(b)fc,i:I/S3fcB^^-r-SJ:-5IC, £<Drtfl.<©=pa:tti£-C-&*ig<. rf^O, JE 

©rtfiij3i fcj:i;£cDniiy3oicfT<i^L^^rc<s<^^TLx-So M3r>3<dkjss^®jsi a>±ai8ii,s(riB 

%M1 Ofr&flttAI *fcl*^A2fC^^^lCfifet^«£f£t»^fC-(S<^oTL>S 0 JSfc. @6(b){Z*-r«fc-5(C. Jgffi 
Jgl ©ffiaSfc£*a>J§||!;:fi#±g|M 0bJb<ff$fi!i£;h.Tt^oll6(a)f::fcl^T:i*. J£*&F0>ttl**g#ifi<Dg^Fcf::. - 

[0022]@4(a) fcJ:t;M4(b) (C^f 1?TI5$S©J£1 ©Mffl'jKte. ffiWSBfcV^fc^LUWO^&iSl 

2a#. ttrlB^SPI 0<D&$|1 OaOTSTftT^AI (C. S&lil OafC»oTS<DI*flj31 ^<D*«lj30fZ&^-a&Ji££ 
tiTt^o ^3J*jf|l 2a(0fI^(CfcLNr . 0*U . ftMl OalC^fS-T-SfiSICfcLN-C, SJ6Jfe2*ttMfc(3iil. 

fc««-e»«i**iTfcy s z<z>MMLtz®mz&y#mmi 2bt><tef&£*ix^z> 0 

[0023]£<Z)fi|^|a]<Di*>ifegiUCtetx-Cli. O^y. M6(a)0m2SlhF2^e>m3||tF3^'eiCfct^l*. CtlP><D«^ 
jtl 2afc\fctf#SlJ;fi1 2btt. @4(a)<D«J^^1 2a<DSa?SP^a^fc«ISl 2c*><. HflB^I OaOSTHT^AI IZ 
te££*lTfcy . Sffiffia&SBl 2&1&rfLLX^£ 0 tdSB^Jgl 2cli. fflriE#Sy;£l 2b<OM^^lSl(Dcb»C>^3lfefc4' 
'(XStBS-StUfciaSlCiftlt-Cfc-So ffiTlc<b»i>&<l3<fctf £&1 2cI4. ttl$i®.m OalCjfiieiLfc^ttO) tft|£-eff$li!c£ 
*iTfcy , g©rtn<04'A^ifiT?St.M^lcrpjoTdb<t:J5:«)IIISr^j?:iKlc^fiE^rt^, ^IBSflfifflKiSlli 21*. 
OttgUigl OaO^TItl^AI ICfclNTSgffiJSl *<SffiLmL^5lC-r-Sfc«XDt.0r-fe-S)o 

[oo24]c:c-e, <fcyi¥L<iaiPi-r-5i. mi(a) fe*i;Hi(b)f=*-r*5i=, SJtFi*«tiiBS*-Fcj:ytfr^Ai cds± 
fi5iiasj3icfctNr^<M(Hffl)-r*o nr^<D*5r=, jatfcffis&sisi 2£3snsi$i o<fcy*,«tr*Ai a>& 
sicteitrtj<cti?, sjiFoste^xA— ^.icffdct^-e^-s,, Mii(b)0D4>SMSiiiSU4icfcit-ssoD 
nm<.&m)$wtzmtem*axtb&tf % *mmmm$n 21*. ttriB* £Sit0MSiJ4 < i:yt,^<catffi§igffj3icfc 

[0025]fcfc. M4(a)<©«*^1 2alCBJ&fcgg^/><#^ 

4>'£>£5$:tafc4'/bJ££^fS|l 2cifl?£fcCf;»Xl£fct>fcUo «3^«1 2a0gg£f*. SS!?g|J(Cfctxr2. 3mmJii± 

[0026]M3lcBj^-T^j:-5f^ MIBHSiJgl l=»lt<&M0l OOfir^Ai Ictt. S^OSft^e-fr^DflBf 1 3t)<te 
J«**iTt^oCC0[aRfr13li. SmM£<DteOgP^«i:yt,T^rc3C^it-a)$lt§-r*<7)T% JEJtfcgGKffix-i. 
t#l=£}fClfe®$LoAMJi:SitZ.i:A<-C-#-S<, *®^3^iilt>*^L^EVA*5«k^/T«l*•t?^Bfig*4^Tfcy , Jtffl 

[0027]g4(a) fc«fctf@4(b) IC^-TJ:?!::. IKlgcillBJSl lZ&tf&$itk&-l O<0T®«01 9ICI*. flfFlB«)^^1 2a£ 
EttflS.fcdI-A&fgSMti 4^ate**tTL^„ C<DSJS*gU»i 4f*. i/-h«J5:ULSI«ttf=^<»ja^T*>y , 

tirssissjgi o^SB^yt/^iio^^t^i^T-^^ttrL^o fci:x.f* , mt&mmmi 05*ftai»i*EVA 

©*5ft«flgX7H>5?-C«tfiR$*ir33y. AJ5f6SR*ti4(*EVA. PU. /\-fhWl/(««M«j£j:£fl!>J:3ftlM& 

*ur*jy , H4(b)(cfciNTi**tN|i«ii?Bf®ffJtt^*L-CL^o striEgifeJS2i*. -mzzii±<Dftfe#.*>$% 

[0028]fraBA5f|g|J*t1 41*. -tk<Oi>— htfcfc^Lfctt&irocblCjgl&WS&ttl 4a^LTL>-SCtT*. fltrlB^J 

2a©g^J5}•lc^5L^rS(0M^lS]^c^g»[c«•ilJ$ttrL^§ o zo> ^ic. ^aic^sj-r^ct-e. m^ai ^<d 

[0029]M3MMMZ(a)~M9l*H3HJ£«!|^^-roM8lC*-r«fe-5fC. ffiSJSl (DTSffilJlCl*. SfflMSfigpl 2a 
&V : tmyS<Z>&ftlZ&&mF1. F2. F3. F4. F5(M6(a))a>P B 1lC^-r«i4arc.|g1. ^2. ^3*JJ:U:^4(Dm 
^^51. 52. 53. 54*<»fi£$ttTL^omi5mi}tra^5U4. SWmftC^I Slt)F1 ^2SlhF2i:(7)M(Z^(E-r-5 
<4iglC^$^TLN*omiHm4mM*54l*£©/JvJg(m5M)F5tm4atF4t©raiC^t-^SlC^^ 

[0030]@7 (a) *Scfct/®7 (b) (CBJ*-T-5«J:olC. &*6JS2lifflrSB^&g|n OlC«JS-r^<4SlCt5L\T|tr^lpJA1 . 

A2ic«iraLr^i!i$*i. coairaLfcei5«-r-«-sij5Si 2bS^j*LTL^ 0 mimiki3ftizi*mzixtz.mf&m.2o>o 

1triB®ffl«ISI!lSBl 2«fcy =b«tI*<7)irtr«%JS2l4. m9l^1r&olZ^ 5*a>£ltF1 ~F5(@6(a))IC»lSLfc50 
<D£atgB21. 22. 23. 24. 25£*LTlt«. ltFlgMSiftJS2ICtt. =&SmF1 . F2. F3. F4. F5<0raiC«p£-ri, 

&#izt$^xttizf&mi.x&itii*Lm4mftmm6i. 62. 63. 64A<^fig$*i.ri^offrs5sgife»sij3t6ii* 

SOSJtFI tm28tF2ta>raicMl^^^lC^)«*^Tt^„m4m^iIJ^64li£(D/hJiF5tm4SitF4t<7)ra 
[0031 ICONIC ffiffl^SI ~54fc t «/l§5m : 861 ~64^teltTL^Ct{Cj:y.M6(a)a>#JiF1 -F5*<S 
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^©t\ SJtlc^^KSO^y^Ml^^l^^oSsir^-r <fc?K s &£f§SM*i 41*, 1ifBEgj*j|ti 2a<ty 
tttt^AI <Dg&tt(Cfcl\T. #EJ|F1 ~F5CT£f::#SlJ£;h,TO£ 0 1 4I* % 17(a) fCfclxr . 

[0032]*m3HSfe^(7)^<Dte©«/Sl*, ^SBm2HJ£«!IOliJ«i:^4iT?fcy, ^-SBfl-tlXfSfflMSSiJttl::^- 

[0034]£fc, frfEHfiSffiir-l*. H«Jg1 fc^i;SlteJS205K^fC^1 2a. 1 2b£i8:ftTJSflSfflS&S&1 2£»£Jj£Lfc 
SlLfc8«iJg2. 2£W*;81 2a<7)g85J-eSI^JC-r*i:ftlziiSI$-a-C. S5Sf§SS«1 4iLTtJ:tN„ fllBH 
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Fig. 5.162. Tracings of radiographs superimposed to show the position of 
the longitudinal arch of the foot during relaxation (red) and contraction 
(black) of the muscles. (See also Fig. 5. 161 footprints 2 and 3.) 

longus and flexor digitorum longus in supporting the medial side of 
ithe longitudinal arch is reinforced by the tendon of tibialis posterior 
as it hooks under the medial side of the ankle [Fig. 5. 160]. The short 
muscles of the sole appear to be of little importance as supports of 
ithe longitudinal arch (Smith 1954; Basmajian 1961) though they 
jbecome very active when standing on tip-toes. 

The anterior part of the foot shows a transverse arch, which is 
particularly well marked between the shafts of the metatarsals. This 
arch is maintained by the ligaments and by the activity of tibialis 
anterior, adductor hallucis, the interossei, and the tendons of tibialis 
posterior and peroneus longus, which sling across the sole trans- 
versely (Hicks 1961). Activity in these muscles is minimal with the 
foot off the ground, but as soon as any movement takes place or 
pressure is applied they come into play to protect the nerves and 
vessels which run forwards in the interdigital clefts to supply the 
toes. 

! The standing posture consists of a cycle of practically static 
phases, each lasting about half a minute, alternating with brief 
phases of movement (Smith 1954; Thomas and Whitney 1959). 
puring the static phases, all the muscles directly associated with the 
ifoot, except for the calf muscle, are inactive, and the support for the 
arches of the foot is presumably provided mainly by the ligaments. 
, In the phase of movement, alterations in the distribution of 
muscle contraction occur to prevent the tendency of the body to 
^overbalance. The only permanently static part of the body is the 
skin of the sole of the foot in contact with the ground. As postural 
sway occurs the centre of gravity is pulled back into its original 
position relative to the feet by contraction of muscles which first of 
all balance the leg on the foot, then the thigh on the leg, and lastly 
the trunk on the thigh. For example, should the body begin to topple 
to the left side, tibialis anterior and tibialis posterior of the left lower 
limb, acting together, would pull the left leg medially on the foot, 
while the adductor group in the thigh, acting from their insertions, 
would pull the pelvis over again to the medial side. These movements 
(might be assisted by contraction of the corresponding antagonist 
muscles in the right lower limb; peroneus longus, peroneus brevis, 
and peroneus tertius would pull the right leg laterally on the foot, 
and gluteus medius and minimus might come into play to tilt the 
pelvis over towards the right side again. At the same time the right 
^erector spinae muscle would pull the centre of gravity towards the 
right. 

Anteroposterior sway is dealt with in a similar fashion by the 
dorsiflexors and plantar flexors of the ankle, the extensors and 
flexorsof the knee, and the extensors and flexors of the hip joint; the 
balancing action of gluteus maximus and tensor fasciae latae acting 
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on the posterior and anterior ends of the iliac crest is an important 
factor. 

Standing is therefore not merely a matter of attaining a fixed 
position, and the erect posture necessarily involves a rotation of 
activity in the various muscles of the whole of the lower limb and 
trunk. Standing on one foot is a much more complicated achievement 
than standing with the weight equally distributed between the two, 
and standing on the toes of one foot is more difficult still; the 
principles, however, are exactly the same. It is worth noting that 
when standing on one limb the force which keeps the pelvis level on 
the supporting hip is not entirely the pull of the abductors of the hip; 
much is contributed by passive tension of the iliotibial tract of the 
fascia lata (Inman 1947). 



Mechanism of walking and running | 

In walking, the centre of gravity of the body is thrust upwards and 
forwards by the propulsion of the lower limb muscles. As one foot 
advances, the upper limb of the opposite side swings forwards, thus 
helping to balance the trunk, and the foot of the opposite side 
remains on the ground until the advancing foot re-establishes 
contact. The trunk is thus always supported by at least one lower 
limb. 

The rise in the centre of gravity with each step amounts to about 
5 cm (Saunders, Inman, and Eberhart 1953), and is brought about 
by a combination of extension at the hip and knee with plantar 
flexion at the ankle, the heel being raised from the ground by the 
contraction of triceps surae. In this way an upward and forward 
impetus is achieved, which is now assisted by gravity, so that the 
body tends to fall forwards. 

The hip and knee of the thrusting limb now flex, and the ankle 
dorsiflexes. At the same time the pelvis on that side is elevated by 
the contraction of the opposite hip abductors. These movements lift 
the thrusting foot clear of the ground and bring the limb forward, so 
altering the centre of gravity and increasing the tendency of the 
body to fall forwards. The hip and knee now extend again, so that 
the limb returns to the ground in the fully extended position, with 
the ankle partly dorsiflexed. The heel therefore comes down first, 
and the weight of the body is then transferred, first along the lateral 
side of the longitudinal arch of the foot to the lateral side of the 
metatarsal pad, and then across the transverse arch to the ball of the 
great toe, which takes most of the strain as the cycle begins again 
with another propulsive thrust of the extensors of hip and knee and 
the plantar flexors of the ankle. The great toe rocks on the two 
sesamoid bones in the substance of flexor hallucis brevis, which act 
as roller bearings. As the heel is raised, the metatarsophalangeal 
joint of the great toe extends, so that the last parts of the lower limb 
to retain contact with the ground are the ball and phalangeal pad of 
the great toe. This extension 'winds up* the plantar aponeurosis by 
pulling it forwards round the heads of the metatarsals, like a cable 
being wound on a windlass (Hicks 1954). This helps to support the 
medial side of the longitudinal arch, which takes the main strain 



and also transmits the pull of triceps surae to the fore part of the 

foot. 

The long flexors of the toes have an important part to play in 
maintaining the frictional grip between the foot and the ground. 
Their pull tends to flex all the joints of the toes, but this action is 
resisted by the extensors of the interphalangeal joints, which hold 
them in a position of extension. If the extensors of these joints are 
paralysed, the resulting curling up of the toes causes a considerable 
loss in the efficiency of the propulsive thrust, as well as corns, sores, 
and ulcers caused by unspecialized areas of skin being called upon 
to bear weight and take friction. At the beginning of the thrust, the 
flexor muscles of the toes are fully extended, and, though exerting 
themselves powerfully with the toes applied to the ground, they do 
not in fact shorten [Fig. 4.73]. The inner toes exert the greatest 
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pressure an d the importance of the big toe in walking ma y be 
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estimated from the fact that flexor hallucis longus exerts three times 
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more lorce upon it than is sustained by any other toe [Fi g. 5.161]. 

Abductor hallucis is active during the final phase of the thrust," 
and in some adults and in all children it is strong enough to cause 
abduction of the great toe at this stage. In those who wear 
unphysiological tight pointed shoes, and who walk 'toeing out', the 
prevention of this movement of abduction leads to a drift of the 
great toe laterally, a condition known as hallux valgus (Barnett 
1962). This condition tends to be aggravated by the oblique pull of 
extensor hallucis brevis. 

The short intrinsic muscles of the foot, considered as a whole, are 
most active during the final propulsive thrust (Basmajian 1 96 1 ). 

As the limb leaves the ground, its support for the trunk is suddenly 
withdrawn, so that the trunk tends to fall over away from the 
supporting limb. Actual falling is prevented by the contraction of 
the gluteus medius and minimus of the supporting limb, which 
abduct the trunk so that the centre of gravity is brought back over 
its supporting pillar. At the same time the erector spinae and the 
abdominal muscles on the side of the free limb contract, apparently 
to keep the trunk erect on the tilting pelvis. They are not entirely 
successful in this, so that there is a sideways lurch of about 5 cm 
towards the supporting limb with each step. If the gluteus medius 
and minimus are paralysed, this lurch becomes greatly exaggerated 
for the trunk is flexed towards the supporting limb to bring the 
centre of gravity over it, thus tilting the pelvis to raise fhe other limb 
from the ground. This gives the patient a characteristic waddling 
gait. 5 

As the trunk moves forward, it not only becomes flexed and 
abducted at the supporting hip, but also rotates to the side of the 
supporting limb (this is equivalent to a medial rotation of the femur 
on the pelvis). This movement, which allows the free limb to pass 
directly forwards in the line of progression, is largely carried out by 
gluteus minimus. At the same time, and for the same reason, the 
thigh of the free limb is rotated laterally on the pelvis. Walking 
movements at the hips are thus sequences or combinations of 
abduction, flexion, extension, and rotation. 

Rotation movements also occur at the knee. For example, in the 
final 30 degrees of extension of the knee of the free limb, there is an 
automatic lateral rotation of the tibia on the femur, and in the 
similar phase of extension when the foot is on the ground the femur 
rotates medially on the tibia. As the knee flexes again, these 
rotations are rapidly undone (Barnett 1953; Langa 1963). 

In such a complicated situation it is not surprising that there 
should be a tendency to overbalance, and this is rectified by the 
lower limb muscles acting from their insertions on their origins, just 
as they do to prevent overbalancing during standing [p. 403]. The 
peronei and tibialis posterior and anterior have an additional value 
because of their ability to allow the greatest possible surface of the 
foot to remain in contact with the ground in spite of local 
irregularities in the surface. For example, a firm grip can be 
maintained and the body can be held upright even though the feet 
are traversing a steep incline. 

In running, the movements are all exaggerated, the time of each 
movement is diminished, and their force and distance are increased. 
Both feet are off the ground for a time during each stride, and the 
whole foot does not strike the ground, but only the metatarsal pads 
and the toes. The trunk is inclined forward much more than in 
walking, so that the centre of gravity is well forward of the point of 
support. The basic principles are, however, similar to those 
obtaining during walking. 

It is a curious and so far unexplained fact that in walking women 
take shorter steps in relation to the length of their legs than do men, 
and that this is associated with a lower expenditure of energy 
(Booyens and Keatinge 1957). Women increase their walking speed 
mainly by increasing the frequency of their stride. 



Walking on high heels involves greater activity m soleus than 
walking on low heels. There is less powerful but more continuous 
activity in tibialis anterior, intermittent or continuous contraction 
of quadriceps femoris during the supporting phase, and contraction 
of gluteus medius in the free limb (Joseph 1968). These changes are 
less marked than might be expected. 

Walking is one of the most complicated actions the general 
musculature of the body is called upon to perform, and the 
mechanisms concerned are readily disturbed by disease or injury, 
often producing an altered gait so characteristic as to lead to 
immediate diagnosis. The disturbances of normal gait are discussed 
by Steindler (1935, 1955), and the effects of flat foot on muscle 
action by Gray and Basmajian (1968). 



Fasciae of the lower limb 

SUPERFICIAL FASCIA 

The superficial fascia of the lower limb is continuous with that of the 
perineum, abdominal wall, and back. The two layers of superficial 
fascia found in the lower part of the abdominal wall [p. 371] and in 
the perineum are also represented in the uppermost part of the 
anterior surface of the thigh, in the groin. The external fatty layer 
presents no special features in this region; the deep membranous 
layer crosses superficial to the inguinal ligament and fuses with the 
deep fascia of the thigh along a line which runs laterally from the 
region of the pubic tubercle, roughly parallel to the inguinal 
ligament, and about a finger's breadth inferior to it. It also has a 
linear attachment to the anteroinferior surface of the body of the 
pubis and to the margins of the inferior pubic and ischial rami. This 
attachment prevents the passage into the thigh of fluid collected in 
the perineum or deep to the superficial fascia of the abdominal wall 
[Fig. 5.120]. 

In the gluteal region the superficial fascia is very thick and fatty. 
In the vicinity of the ischial tuberosity, where it takes the weight of 
the sitting body, it has the characteristic structure found where 
pressure is borne, with dense strands of fibrous tissue enclosing 
between them loculi containing fat. The fat of the buttock 
contributes to its contour, and is responsible for the formation of the 
gluteal fold. On the outer side of the female thigh there is a deposit 
of secondary sexual fat [p. 275], and the whole of the thigh may be 
the site of considerable fat storage. 

The superficial fascia of the leg and foot is not remarkable except 
in the sole. Here it is greatly thickened by characteristic loculated 
pads of fat, particularly on the weight-bearing areas of the heel, the 
balls and pads of the toes. These digital pads are exactly similar to 
those which occur in the palm and fingers [p. 346], and serve to 
protect the deeper structures against the pressure of the weight of 
the body. The heel pad underlying the calcaneus may be as much as 
2 cm in thickness. In the webs of the toes, the superficial fascia 
contains some weak transversely running fibres which form the 
superficial transverse ligament of the sole. 

On the dorsum of the foot, as on the dorsum of the hand, the 
superficial fascia is thin and composed of very loose connective 
tissue containing little fat. 



DEEP FASCIA 

The investing layer of the deep fascia of the lower limb is attached 
superiorly to the inguinal ligament, the crest of the ilium, the 
sacrotuberous ligament, the ischium, the pubic arch, and the 
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s»©«-it«*isrsa*-r*iiwft*iai»tt-c**it*w«t-r*o 

[0031 ]|«*^9fB»a)fgWt*. W**5~8©«;fcj&M=re«©«*ffl+»f=fclvC, >*>«[(7)(DjfeSg|K40)l*. 

s&# * oft c+a«s*»«-cft*cfc*««4:"r •&<> 

[oo32]^*N§«i^-ett % K^«5-8a>^ffl3ai*[c*a^T, *y^ug<os^ttfc:jS^$-i*-5c^-e^5<7>-e, m 

[0033]fi*]Sl OfSii<DfeBJI±. IS^S-QCDM^l^IZlBKOH^ffl^St^fcLNT, +»(7)l*. jfcttfM!© 

[0035]»#JSl 1 Efta>MI* % »*fl|6~1 0«>W*tAWClB«a>«Hfcffl«f *=J3L>T. +»<7)li, Sftttfttf 

[0036]fr*i«*tjft-CI*. »#«5~10<D^fflai*IC*Ox.T, SSW4lC<J:y£*-t??F£?Ri|RUE8sO . lOAl?* 

[0037JSS#IS1 2ISK<7)f6B^tt> »*fll5~1 1 ®fl*t3^l=ia«OJB*ffl4>IW=fcL^r , 4>«t(7)<DMlCli, fg 

[0038]^*^«fiE-ett s ||*JS5~1 1 <DflMI33!lSfCJJD*.-C, T5??$x— ^(8)IC«ty, #fi+l=t*8[(7)*<f 

[0039]it#Jl1 3fE®<DS£Bj?li s RMl 2fEi£<Z>J§!&ffl*j8l[fCfclvC, "75?v*T— ?<8) li. £<J3#lf«ffl9(8 
a) Rl/*>N^ifi!l(8b) t=JR U ftl+&*lTt^*Cfc*»«tr«. 

[0040] *N^§^figT?(4, K*«1 2<Df^ffl$bmi=Jnil-C. £(0#ftfflffilJRl;A^^ifllJa)2M3f<©Vi?^^— ^ 
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[0041] 

if&wanmatemi utf. ^fiw©!*^ ssfcs^t>rittB^-r^ 0 Mite*$nsa>fti <DHS£<z>M£*-!rji 
mwr&mmmx'&v, (a) isms* wa^omm. (c)i*Am£7jk-rmx-&z>om.&.*&wom-i&.v'%2 

'MU®#tfTtfotz$.&mm> (c) i*#if Uttttitra^ttsu <d) itm&mx'^m&fttfTtf^tz&mmm&iKjr 

[oo42](^i (DHj£(D^®)*^B^a)^i ommommxit , Mi^*"r«fc-5ic, nsrc-a-smi <DJSw«ij<D5fe^s 

0£«<Dttl*ffil::*tJ£-raSB#!c&6B4£&ltT, U5;gIJ4tfrfi'Ji:«ti Jgrtfl'J(D5tSsSiJ»tfZcfcy^li£**tS[Hia55lz 

fc-t&m-vfrttT— ^uwmts*ixi^o *nmo>Mmxi*. tbh>frc#>tpm6tfn-i wic^^B^^rtN-s 

[0043]S:aJ4<0m*l4$tl0. 5~1. 2cmgJti:-rS<D*<a?£Ll,N„MKs0. 7~0. 8cmi:-r&(D*<#£UV SltCD 

[0044]fag|j4tt, &m<ottvmz&&?&MVfrumtoteV;£-tz><»i3<m^o f9L&4<D8.m<Dttvm*&&-rz> 

■t&otz. mi m*^^4jg*-e^ji-v>^^ffi^«tLT, ^»«»*Tif 3«fcdfcuT*,&i*o *fc, cct, gg 
i=**-*3e, (a) a* i ftfr&ft5&$T*£&«-r&ii*>fr&tttt£. (b) i*fti ttfr&ttAfts-etsigmtt-cjt 

»tt#a«WofcftlMiS, (c) l*#}t«©#rt«*«-Si^ttffi. (d)fi@5tS«l5I«-lfftl Jt^€,ft4it*T?« 
[0045]tC5T% fiftttHafc**-*?!::* **<3«»::*HMF*U <a)C=iji*ft1»fr&«5»*WMU»fza£ 

vei*£itift&. (wicv-rfti ft2it^f,ft5j§*<ie«H<j«:^fl)^a», (e)i=9*-&(tft t tttttti::tt« 
coo46]«ti G>j£rtffiij[*, MfEffl&t;&$m<©fc£*m£T&<z>jwe£u^ ctu^y. jg&i wmftio 

i&:h.lC«JS£iOJft£|S]±3-&£C£A<-T?#£o 

[0047](ft2(D||Ji6(DM)*fgM<Dft2a)||Sfi(D^®l±, ^2(3^^51=. *#gW£MLfc*!ife7£xy^ 

i oommmtzj&mLtzmx'fo&o tp&7\*. #m7<Dft<imU4o&fc%<Dimm&&&r*ft£te&<koiztef&u 

tp&7mmmi^ 4>»7<D5t^®40M«lJtXU^/<10JSrt«jO)^^»tlC^y^^HSlHl^5ICS^^l|Jl^ 
tiB.-3S.m#m&-5imtLtzZt&¥f8itirZt,<DX$>% 0 

too48]*s^7^i>yi/a>t^^•r^^A^t>^^S(o^^l^*Ll^o•^5^^Iis t^j^i/^, jKux^u>, 

4>i&70>J?.*l*£K>. 5-1. 2cmSI^»*Lt^1ll:,0. 7~0. 8cmA«J:y#*U*. 

[00493«tJgt7(D5fe3@siJ40(*. fti <DHSfe©^f!i<7>i9:si54ti^«ic, s-moni-rm^im^m^m^t^mm 
itmizm&L-r& 0 9ti%mo<D&m<Dimmz&&?%MVfrtemmiimtLxi*. mm*, ^mom-rmm^iz 

ts*>T*tzmM^-*&otZ*>(J)bmti^o *fc, M5IC*-TJ:?IC, ft 1 lta^ft4ji£T-£lf Wfc3tBl}F2ttiL 

t, «MMB#«Tif ajocx-ctau., *fc. cants, M6f-*-r (a) tifti m^t>ft5$t£-e£&*&-r£ig 

asanas, <b> i*fti m^t>ft4m*T-sisEn«T-/jNj&gp^*<T*<ofca«s«iM. <c> 

n*;»*s* (d> izmstmmmx&imfrzmAm&xmvfrunz&teViX'. 'm^T^tzmmx-m^tz^ 

mm<D ^oumijztLx=t^o #*>\ ipmitxztbizwimLx&z. ^m^s^-r^ommmos.m^^b 

Lx^x.mm(D&m<Dmiz^o^5izmm^tm^xm^m^xmm^^oizL.x : t^ t , 

[0050]d3g[7<DM(C[i.a7. 8fC*-T<i;5IC. Jl&ll. lOJSSId&^RlflgtC^^^^— ^8*|Sy#I+S(DA< 
»£LU 0 *Hffi<0^®T?f*, StfLTIvSI^, H&1 . 1 0»JfCfcdaifc7G>-?v-;/^f — ;?8iig(C*tJS-r<g> 
iaSCCVi?^T-^]Ry#lt^Cli:lCj:y , T&n®}%:&ft±2i*:Z>Z£t)<X'ZZ>o ■?*>'y?7—7r8\£*(D1&mtm 

m%tpWL7tm®n . i o<D&*ttfc-rz>mmizw-)ttifz&oiz-?z> 0 mix\*. -vVv^t—jsi*. rn.nm8asi.xs 
*^^fl48bic&/!?i»y#itt)+iT:t^„ z<D&?iz2mmiz^i>yfr— -Jaxwrnftzt. niz. mw>m&o>&5iz 
&&&*:2<frfr&m£x-*>?*itz<\.\ 0 tj:ti, mi$o>&fi&o)mmx\*. m&<» t^tmshomz^^ 
^-^*y#Jt^<fc?izLT^at>o@^LrL^«cLN*<.s}tffi«(D^«c«{y#it^ < j:5icLT : fcai^ 

[0051 ]*HJ|5<D^®-CI4. 7.*)v'UOlZtp®L7&mm-r*>&OlZLXl*Z>tfs Wv'SlOlzmfcZJlX&mXltlSi 
C ^/5E. =fAXri^ittS?(0m«t. fi«ls 7>*r— % X>r-h s , =f/^. f?3£S? G)XtK— l8tM4-9-> 

[0052]*5ilM(©^fluc•oL^rij^wr'^) O @9(r*■r«^:5l:. *^TB$a)em<7)®ffilcoL^Tl^^B^■r-&o s 

^E*<DS$a^al■rJ:5ICLTL^•S*^ *^BJ<7>«J:5(C.ISai4Xli5fe^Si540A<fe«)ii^lC|*.M9(b)lr^-r«fca 
[0053]$/c. m©iieBtlCl*. «£*<D®^-ei*. SJSI±Ml0(a)IC7R-rj:aiC. Htl <DJg®lc£&£»:jb<ML 

fctt^i?, sffitaoiecfti/fcttiBiasy, s^ss0^-v>^^*<#i;f=«®t^Tfcy. mtiWfctigsiLT 
m&Lm^ti^mmtf&Zo ^^xit^miowiz^-r^iz. m&wzftmswotf&zm-sizi^ sat, xy 
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<&$iii't>£:tei:*>fcii!3B$Kj£ffi£iwc^ 

$z>o>x, &m<D<mm^±zunm<frfr&o>*m±-rz>zkwx'Zz>o 

[0055] 

(1. 10)$®tNfc^lC. Sitl*l9:SB(4)flfl!lt®^(1. 10)JSl*lffliJa)5fe^S5«-tlCj:y^fie^^lHIgB(5)rtlCiR 

[oo56]*fc. sau(4) tf&htzto. tenmizL ssB(4)(D!S*^/£itu«£yftje^/h*<-r'Sci:*<T?#*o cojfc 
[oo57]$f>ic s *fT*^icA^i^5;-ojb^fcit^i-. Sjfe$fe^ajiciJsraA<-e^-5feto. Sffi£JSffi-f -S^tf-e 

[0058]*#8BJ1<D?*, V IS#J15~1 3&m<J>&WX>\Z. SJIA<SttBI^ c c5fe^g|J(40)j{><^J5g$tfCl^*i!t(7) 
£Jg&(i. i0)<DJSP«5fiyicA*t-g.c:<!:lcj;y.at,X , J^/^-9->y;Hf<Da«a(i. lO^HL^fc^lc. SJSli5fe^ 
SB(40)i®1&(-|, 10)j£ftfl]<7)fc^S&#«fc(c£y}&J^ 

fc«>, ft*<o«fc3fciEia&;&<fc<fcy . OLmm&t 

[0059]4$fC. *HBJ(Da*>. »*«8XI49lSi6<Df|B^T*l*. &Vmm<DS.1&mzm'£tt&Zki)<X$Z><DX\ <fe 

ys*g0Stt*«L^<^i:L^jaft*<&So 

[oo6o]^fc, *f§Bj(D5*». 2x1*1 3iB«a>f8Bj§-ei*, scDttft«flijxi*a^<bffly£v^;/^— ?(8) 



CEiawfim^Bj] 

[m]£ffi<BMoM£t&Bjj-r£«tM-c*&y. ( a )i*ie^M. (wi^^il (c)iiA^^*-r 0 
CM^i^woigi&i/igzcDiiiiteo^sro^sa^^iicD^^iftB^ss^fc-Sc 

TA<ofcs^i!. (c) i*«-»s©#f+«^ttsi. (d) itn&mx-frm&fttfTfotz&mmmtt-tmx'&Zo 
imiwmz^*>y>77--7z±T&'ftiz&*WLinzmx8>z> e 

m. (b)tt*f§B^(Ds«8xi*>i3^A*tfc^^a>sma)®tt«®^^-r e 

[MlO]2lfE^O£J&<D#l+ffi(Z)tt^SiB^-r§0T-ifey. (a) l;Mfc*<&ilt£Hl*T^-S>££<0 . (b)l* 

*^BJ<0S«8XI**@C^A*tfcii#(DSft<JDttfil, (c) l*JIlEB#fcSm^Sffl*1±fctt®^*t-o 

1 mmm 

2 & 

4 8:81$ 

40 Sfc4gg& 

5 MSB 

6 *>m 

10Xy«>/<(®!K3) 



[Mil 
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Reference 6 

±mm - 



(19)[*frg] B *m&Bfrfr ( JP) 

(11)[-^gfiS#]^Bfl2000-41 703(P2000-41 703A) 
(43)[^g8B]2Pfi212#2fl15H(2000. 2. 15) 

(51)[SB§H$it#Jim7lifi] 

A43B 13/14 

5/00 303 

[n] 

A43B 13/14 B 
5/00 303 

[sS#JS<*>3&]4 
[±H&]6 

(21) [tBiiS^]1#^¥l 0-31 6247 

(22) [aJMB]¥J*10^11fl6B(1998. 11.6) 

(31) [S3fe«±3fiS-^]l 998P30595 

(32) [«5fcB]¥j£lOi£7£29B(1998. 7. 29) 

(33) [« jt*±»ffl]»H (KR) 

(31) [g5fc*t:£S§§#J 1 998P41 409 

(32) [fi5fcB]¥J&104p10£l B(1998. 10. 1) 

(33) [g5fctt±§f S]tSB (KR) 

l&%mm5981 53065 

[ttmxttgm]stav!7)umijm^j«iSnr^i6i -i^tt5^r/^-M^h 6o«n3043s 

(72)[HBJ#3 

CttRlTXI4efiFf3©fflV!7;H^SIJrlT*£S*ISBr^1 61 - 1 31^5*7/ *-K*>h 60«i1 3043£ 
(74)[ftSA3 

1 00066692 

[ft*xi4«?*:i3m AS W3«) 

4F050 

[F*-A(##)] 

4F050 AA01 BA04 BA25 BM7 JA02 



(57)[g&] 

C«0l^S:3 *f6B^©=r;U7itl*. S30t, itHO^SO^ffrTJfliJico/jrJf -C^fig$tLfco^5t34i:> ±icO>Si30 
t^»*5fei:<DffllCli. tpE.ft$M>mmZtltzmm$:ffiz.* ±&<DW.mit. 0£5fc34(4. #S#J132j!)^;7K¥£M 
ICLT1 ~5°<DM#£*rU ^3014. * £#S32A^t,7K 5 F^S^lCL-C-7~7 0 <7)M^^^-r-§)J:alc1ifi^*4^-5 0 



[S»3fcJil] =fjU:7iltKfclvC. g(30) l£S(30) <©M7JfilJICO^IfT^Ji)c$Hfc-Z>*5fe(34) t. ±ffi(D&(3 
0) £o£$fc(34) £<DR8ICI4. <*>£#||(32) W/jfc£;txfcatJg£«t7U &8tJ£l4, o£3fc(34) I*. *£#J|(32) 
^t,*^S^lcLr 1 -5° <D^#£WU S(30) 14, *J£##|(32) *xf,*ip$S^HcLT-7-7 0 <©<®#£ 
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[f»*^2] S6l JglCfctvC, Of 5t(34) I*. *J£-&S(32) j^ib*¥£gi£f::L-C4 0 ©f«***L. 3(30) I*. 



[0001 3 

[f|B^(DM-r«>}Jfl5»i?3*5IWI*. =f JU^HtlcSIt, ISI-PIXI*. rf;u?T-rf><, ^U^x^^ttlBllcmg&L 
[0002] 

— jis&tt-^m. iELi^&&&-z>ztt)<&mtj;mwiT'&>z> 0 ±M<r>&o\zzi)\,7-r—tf. iz±<D±iz&fr*ix^z>zi 
[0003]$ fc, ifiu^T-^m^-a-rx^oy^-r^^^i*, 7hvxg§**<gut-c, /^>*£*i*$-r<s>c±:A<-T? 

;U^<D«tiS6lc#ia(7)^/U^4*<rr*>^**trfcy. ±i2(D$fl:J£6li, il2,i:0;£5fc8lzB#$*u g2a>j£®<t 
o3-$fe80>TSNS® 1 21*, l$r£7K¥£fc:U &-SlM*o£$fc80>TS|5JSEl 2*<'>L<S<^Ji£*HTl^Ct*<-fia 

[00053*fc> HfilZiftLfcfcfcy , o£jte8a>* 4> S#mtD±g|JJi«10(Dg5$lis ^20)±gi5JS«fty«J:y«< 

^**trt^ct*<^* 0 hp^, miizmUzttw. *s#ftffloii. s<fcy^fc{g<jK^tLrfcy.o*5feii. 

Xoiz^ £A<:JA,:7Sit<©ilug6ico^Ti^i$i*, S2(D^^t>, 4>£#li0>-tS&J£*£i offlfli:^«</«t-s t bofc« 
Vhtztblz. mmttizm>i>£&?>lzW:zottZ>* 

[00063±IB<©«fe3lcK??a)=f^«;l*, *£#Mffl"JAV S2J:y«<'S-5J:5(Cfl$fi£**iTt\-Sa)T?. iELL^ELo'J 

n^wiEiSttA^^fi^yT^.iTS^^stsfe-SKS^^ife-So 

[00073±SBO)J:5'5:Bt#a)Po1S/S^**-r*^<, ^IKDiiiiiAl*, 1998^7^ 29Bttl?1tItfcbEi!&98-30 

SSS, Bl® £3(C. S22<D±gB®21 £«iifCl,T, -£<7>£&# N o£$fc24<D±S&JSffi28<Z)±38<ll<D3S£C>1 ~ 
25° &rt£fc-&J:?l::t8fi£$;h.Tlv5, ±lEa>=0u:7ifl:£Jit*Tiig^ $ltJS20<0O$3t24<D<®^/)^ 322frt>1 ~ 

25° (om^m-t^ztiz^)^ ^mmxtsi<. TW7.<Dmz*,B.<Dmo>tp%.&m\z&^xT%m&tf±ctz 0 

[00083HP* > , ±IB<O^IC^^^+tfc^Ml*.S22A^^*oTO*5fel~fca^Ti!!|+^S^«#^iJ!><iI^T♦^^+l 
Tl^<DT?. =0U?flt£ St^fctt® KfcM*£#ffB^f>7KU*<DBflC, ££®£y^*X3£4-7lfc^ofc, 
[00093 

[f§MA<^L<feat-r-i)S®3^o-C, *SgWI*. ±iB<»f$»tffiiB&98-30595#£&&SgBJlLfct(DT-fco-C, 

[00103 

imm&mfc-r&tzVHD^mit&nsM&mtfttztzMz^ *wm3)\,-?mz. mt. mmcom^miz^i-f x 
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[001 1] 

ttSvK*/— ;U)«>iE®^*-rE|-efc-So ^SSBJtD^Dl^BtOJffUili. o£fc34£^30£(DIIBlC % *£#Ji34£*r 

-rsntJS<ky^fi£^Tfcy, ±asa>o*5t34tS34&i;+s#m340g5^tt > s<D*<D^ic-&t>-i±Tffl 

©ffeoT, *$gBJ§#|i, ±SB<DS(DaicS^St/S<0J:®<0O^ffe34(4. 4>£#«32j5^7K¥£S3M::LT. 1 

[001 23Mtt:B*JlC. M30 S30a)S*(D^Jt*<, tfS#*32^t>*¥^S^IICLT, 7° £*frS ^dlcjfc 

J5ES*U 0£5fc34<Z>&£(DftJtl;JU *S#m32Jb^?,7K I P^S^I~LT, 4° ©ftS^Wr^^Olffc-So =T;U? 7 - 

*£#ft32fiij*-ei*. o° icifii^oTS^teOtcy , ±.iea)*s#*32^t > o*jt34<D^*-ei*iS<3S^<kdPfi£ 

[001 3]£fc. RAOttlZ* ^30£, *S#Sr32^f ) 7K i P^S^f=LT. -7" £-e<£<J&JiliU 0£5fc34li, tp& 

y, O*$fe30A<4'S#m32^'b*¥^M(-LT, 1 -5° 0><lg#0)tgffl£W U &30I*, *J£#m32rt*t>7K 5 F£ 

[001 4]£fc. ThVXO^lcStSSLfcS^^-T^^lC-r^Mtl*. ^30A<. *S#H32^*¥£Slgl:: 
UT,0° ^■rS«l:5^=LT^30A^P,It>S#a32*■e^7K 5 PI=^fiRL,oS^fe34(0^{ll* s ttj£-£||32;^i=> 
*¥**»I=LT. 4° g^M<J: ; 5lC-r*Z^*<St.»*LLN.in*..a30^t,4'£#m32*-e<7)^)i[A<0 o 
^IC^^tlTfcy, ^S#ft32tJ^e > 0*5fe34A<±aJfi!l^4 0 lt«l^Tl»*©t, gj»f=ff<DSi£>A<afi!ll= 

[001 5]£fc. Kt#(D^U7«ta>oS5fe34<D!g$*<. HifrMl 1 mmJJlT<DA$-e^Ji£$*tTlN-5<Di:f*m^ 
y. ^lCO^5fe340)^!^<lllSl 1mmm±£^<fc5lC^j££;h/Cl^<DT*&-i>„ ±IS<7>«J:5lC<iliE**v 

tzzi)\,y®.a)m.mi*. o£ jfe347b<S30 < kyB!<^Kfi£**lTt^'S)a)T^ zT/i^r-tf. *fgW<D=f;u7it$®t^T=T;u 
7**-;u£JTof-tf>[c N yKuxgSS£JRofcSL x^-r^y-ra&f . S^fci*o)m'i>*<a3orc^^0-e, =f jutt 
-is, TKux^^m^fcifcic. ^^:(D«^i>^milMlca3o^|lJlcs^<tL^^<T : fc e tt^o ±ihtkux^^(d^ i* 

ftOJKL L^t. 5fe-rS30^P>«lSlcKy. 2felco£SfcffiiJ>b<l$y£MWfc#fT(::j:y, <*<D«5&(Z>3a'><!:#fc, £ 

[001 6]£fc. ffe<O0«i:LT, M5lcj*Ucifcy. T»7hV-;K^cI*5^KV-^)a)^^lS]^4>'DlcLT. fll^SB 
(Ort^^fitJO^M^^tSMOSLNlcm^^^^pillW^y^/iK^Ctir^oT.^ 

&mizm«z>x\ wjE£»fli-*w«i=#»i=*ib&ft*j:3i=*rt*ft-cL**. ±B&v>&oizmf$.z*itz*mmo> 
ifry&zmftL. 30 x<D3)i,77-mizmmttx*wjio)3)\,7mizti?&mffiZLxtjbi\ -tossnsgi 
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